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Abstract

Periodontitis and periimplantitis are two diseases that have as a common element the progressive loss of alveolar bone,
eventually leading to the loss of teeth and dental implants. The causes of the two diseases are multiple but the
composition of the local bacterial biofilm is one of the important triggers. The aim of this review was to establish the
main bacterial strains that can induce experimental periimplantitis and periodontitis as well as the techniques by which
diseases can reproduce. The rat and the sheep are commonly used animal models in this branch of research because it
reflects the main characteristics of human periodontitis or periimplantitis. The results obtained from the recent literature
show that Porfiromonas gingivalis, Aggregatibacter actinomicemcomitans, Streptococcus oralis or Fusobacterium
nucleatum (bacterial species commonly found in the human oral microbiota) are among the bacteria that can easily
reproduce the two diseases of the oral cavity. Induction techniques include oral gavage, ligation technique,
lipopolysaccharide injection, or the use of preinfected implant devices. The data accumulated in this review will be
useful for research on the pathology of periodontal or periimplant diseases but also the approach of innovative

therapies.
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Periimplantitis is an osteolytic inflammatory
disease (Koutouzis T. and colab., 2017) induced by
a number of factors that result in orofacial implant
failure (1-47%) (Sun J., 2014). This condition is a
major topic of interest in the field of implantology
because technical progress has been made, demand
is growing, especially among the elderly
population (Nickenig H.J, 2008, Passia N., 2017),
and standardized therapeutic schemes for
preventing and combating periimplant disease are
still insufficient due to the uncertainty of the
pathogenic mechanism involved. The pioneer of
the dental implant is Per-Ingvar Branemark, who in
1978 presented the first dental devices in the form
of titanium root (Branemark P.l., 1986) thus
demonstrating the possibility of osseointegration
by bringing the implant into direct contact with the
bone surface (Patrascu 1., 2021). Over time, a wide
variety of dental implants have been introduced to
the market, each with the aim of better
osseointegration and limiting rejection phenomena.

Periodontitis is a chronic
immunoinflammatory disease of the periodontium

that results in the progressive loss of gingival
tissue, periodontal ligament and finally, alveolar
bone (Pihlstrom B.L., 2005). This condition may
be associated with host susceptibility (Schenkein
H.A. 2006) but is primarily initiated by
subgingival biofilms containing a gram-negative
commensal  microbiota and  opportunistic
pathogens, and the body responds by activating
polymorphonuclear cells. They release destructive
reactive oxygen (superoxide, proteinase) that
destroys  host  tissue, eventually causing
osteoclastic bone resorption (Chapple IL.C., 2002).
In order to look for optimal treatment solutions, the
implant must be differentiated from periodontitis, a
condition with which it shares common
characteristics (Mombelli A., 1995). Both describe
an inflammation of the mucosa, increased depth of
the gingival pocket, bone loss observable on
radiographic examination and the presence of the
bacterial biofilm (Lindhe J.,, 2008). As in
periodontitis, the composition of the biofilm that
develops in the pockets around the implant is
dominated by gram-negative bacteria (Leonhardt
A., 1999). Recent studies focus on the
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individualization of diseases and claim that there
are significant differences in the composition of
the biofilm (Dabdoub S.M., 2013) or on the body
response, in the sense that inflammatory infiltrate
of periimpantitis occurs around the implant, and
periodontitis, plasma cells, macrophages and
lymphocytes are found on the surface of
periodontal teeth (Piattelli A., 1998, Lang N.P.,
2011). Histopathological analysis of inflammatory
infiltrate in periimplantitis shows that it crosses the
bone barrier, migrating to the trabecular space
(Lindhe J., 1992), as opposed to periodontitis, in
which the inflammatory infiltrate is limited to soft
tissues (Marinello, 1995, Ericsson, 1996, Persson,
1996, Gotfredsen, 2002).

Research on peri-implantitis has highlighted
a number of factors involved including: shape,
implant location, occlusal overload, time allotted to
osseointegration, implant-abutment connection,
release of metal particles (Zandim-Barcelos D.L.,
2019) and last but not least pathogenic bacterial
accumulation on implant surface. Since the early
1990s, experiments have sought to mimic
periimplantitis based on the idea that bacteria are
directly responsible for producing the phenomenon
resulting in progressive bone loss (Lindhe J., 1992,
Lindhe J., 2008), especially through the biofilms
they develop on both the surface of teeth and
implants. Biofilms can appear early, being
dominated by species of streptococci and species
of actinomyces (Kumar P.S., 2012, Quirynen M.,
2002) which represent the substrate for additional
bacterial attachment (Rosan B., 2000), and
Fusobacterium nucleatum, the most common
bacterium in dental plague is the bridge with late
biofilms characterized of bacteria such as
Treponema denticola or Porphyromonas gingivalis
(Kolenbrander P.E., 2010).

As the implantology industry is booming, it
iS necessary that the devices be evaluated
preclinically both in vitro but especially in vivo.
For this, it is crucial to find an animal model that
helps to understand the triggering mechanisms of
periimplantitis and that mimics the condition
encountered among human patients. Various
animal species such as rabbit, mouse, rat, guinea
pig, dog, pig (Wancket L.M., 2014), sheep, goat or
nonhuman primate have been included in
biocompatibility studies or in experimental
induction of periimplantitis. Ethical reasons,
maneuverability, = accommodation  conditions,
feeding conditions or clinical follow-up are
essential elements in choosing the animal model,
and today small animals such as mice or rats are
preferred because they are genetically similar to
humans in a 90%, and biologically and
economically, is the best option. Of these two
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species, it seems that the rat is preferable because
the mouse used in the research of dental implants
did not provide sufficient clinical data to assess
osseointegration or periimplantitis, in this animal
model the oral cavity is poor in spongy bone (Yue
G., 2020).

Sheep have many practical advantages
over other animal models. Although sheep have
become more widely used as experimental
animals, there are not enough studies on their use
for intraoral experiments. Instead, sheep are a
popular animal model in bone research in recent
years.

The aim of this review was to establish the
main bacterial strains that can induce experimental
periimplantitis and periodontitis in rats and sheep,
but also the techniques by which the disease can
reproduce.

MATERIAL AND METHOD
Search strategies
An electronic search for English language
publications was conducted in June-July 2021, in
PubMed / Medline, Web of Science, Google
Scholar and Science Direct databases, in the search
strategy using terms such as dental implant,

periimplantitis, periodontitis, animal model,
experimental periimplantitis, bacterial plaque,
biofilm, sheep, rat. Inclusion criteria included

experimentally induced periimplantitis,
experimental periodontitis, rat / sheep as a model
of periimplantitis or periodontitis, and all
techniques and methods used to induce the two
diseases. Studies aimed at inducing mucositis,
animal models or induction sites other than the oral
cavity were excluded from the search. For this
review, 187 articles were analyzed, of which 42
(published after 2010 and until now) contributed to
the collection of information of interest.

RESULTS AND DISCUSSIONS

The rat as a candidate model
periimplantitis

Rodents are the most commonly used animal
models in biomedical research, and in the field of
periodontology they have been widely used due to
the many similarities with humans in terms of
periodontal and histopathological anatomy (Sun J.,
2020). Rats have the advantage of profitability, the
ease with which they are manipulated and allow
the standardization of experimental conditions in
genetically similar individuals and human-like
molar structure. They are suitable for the study of
diseases related to the destruction and regeneration
of tissues even if in terms of periimplantitis has the
disadvantage of small animal size and continuous
growth of dentition. Another disadvantage is that
the microbiota of the rat is different from that of
humans, their size is small and therefore the

for



Scientific Papers Journal — vol. 64 n01/2021, VETERINARY SERIES

amount of tissue analyzed is small, resulting in the
need for a large number of animals (Helieh S.,
2011).

The dental formula of the rat is | 1/1, C 0/0,
Pm 0/0, M 3/3, and the incisor has no roots. This
animal model is often used in experimental
periodontitis, due to the periodontal anatomy of the
molar region, which is very similar to humans
(Table 1) (Yamasaki A., 1979). For example, the
marsh rice rat (Oryzomys palustris) can develop

periodontal disease from the age of 2 weeks
(Helieh S., 2011), characterized by gingival
inflammation, pocket formation, ulceration,
alveolar bone resorption and tooth mobility,
especially on the mandibular molars. Periodontal
disease has been shown to be dependent on dietary
factors, so soft, high-carbohydrate foods promote
the disease among young animals, and a diet rich
in protein and fat has reduced the severity of the
disease (Helien S., 2011, Shaw J.H., 1969).

Table 1

Similarities and histological differences of the oral cavity of the rat and human. (Listgarten M.A., 1975, Page
R., 1982)

Similarities

Differences

epithelium to the surface of the teeth

superficial gingival bone and attachment of the junctional

keratinization of the crevicular epithelium in rats

substances, bacterial endotoxins and inflammatory cell
exudates

junctional epithelium appears to be a pathway for foreign

the relationship between the gingival and junctional
epithelium with desmosomal contact between the most
superficial cells of the gingival epithelium and the non-
keratinized cells of the junctional epithelium

progressive change of the position of the molars in the
three-dimensional space, resulting in the global
movement in an occlusal-distal-buccal direction compared
to the occlusal-mesial drift observed in humans

the rat is resistant to periodontal disease

weak inflammatory response in rats (neutrophils, few
lymphocytes and an absence of plasma cells in the
gingival tissues)

Sheep as a model of periodontitis and
periimplantitis.

Their use has been reported in studies of
critically sized bone defect models (Griffon, 2001),
periodontal studies (Duncan, 2003), and techniques
for augmenting facial bone / maxillary sinus (Haas,
2003). Their popularity is most likely related to
their nature as higher-level vertebrates and their
nonpet status. They are easily available, cheap to
buy and maintain and respond well to surgical
procedures (Salmon R, Duncan W,
1997). Disadvantages include  difficulty in
handling, requirement for large housing and lack of
research information compared to other animal
models. (An Y., Friedman R., 1999).

The dental anatomy of sheep differs
significantly from that of humans. An edentulous
area of 3 to 5 cm separates the mandibular incisors
from the teeth of the cheek. The small and fragile
mandibular premolars have a long and prominent
hypsodont crown compared to the small mesial and
distal root. Molar, premolar, periodontium and
metabolic rate in sheep is similar to that in humans,
as well as bone loss that occurs in sheep, on the
age of aging (Vlaminck et al., 2008). The use of a
sheep model in orthopedic infection studies was
first reported in 1973, and since then they have
been developed as models in chronic osteomyelitis
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studies. Orthopedic models using sheep and goats
are well accepted, as their larger bone and spinal
canal sizes allow the assessment of fasteners that
would otherwise need to be modified for use in
smaller animals, such as rabbits or rats (Stewart,
2012).

Sheep have a predisposition to periodontitis,
a condition called “broken mouth*“which according
to microbiological research involves both local and
disseminated bacteria in the rumen. The clinical
manifestation is an acute one, most often
associated with nutritional deficiencies. Diet has an
important local effect on bacterial plaque
formation and the development of periodontal
inflammation. Vitamin deficiency, such as vitamin
C, B12 and D, increases the prevalence and
progression of periodontal disease, as well as
reduced intake of magnesium, calcium, iron and
zinc (Dommisch et al., 2018).

There is strong evidence to suggest that
periodontitis is one of the factors leading to
implant loss through the development of
periimplantitis, and patients with periodontitis have
a greater loss of dental implant and alveolar bone.
The relationship between an oral biofilm-specific
pathogen, the host response, and tissue destruction
is a necessary first step toward the future goal of
mechanistic  studies under  biofilm-mediated
conditions, such as periodontitis or peri-implantitis
(Lee D.W., 2014).
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Numerous studies have attempted to identify
pathogens associated with peri-implant infections.
The methods were based on anaerobic cultures,
microscopy, polymerase chain reaction, in situ
hybridization of fluorescence or DNA-DNA
hybridization, resulting in the detection of gram-
negative, mobile cocci comprising Porphyromonas
gingivalis, Tannerella forsythia, Treponema
denticola (red complex) also other species from
Treponema I to 111 groups and Synergistetes cluster
A. (Belibasakis G.N., 2016). In addition to these
bacterial species, common in periimplantitis and
periodontitis, =~ Peptostreptococcus  spp.  or
Staphylococcus epidermidis and Staphylococcus
aureus were also identified, but only at the level of
the implanted device. Comparative studies
regarding the specific microbiota in periimplantitis
have shown the presence of several genera such as:
Butyrivibrio, Campylobacter, Eubacterium,
Prevotella (Prevotella nigrescens), Selenomonas,
Streptococcus (Streptococcus nonmutan,
Streptococcus mutans), Actinomyces, Leptotrichia,
Propionibacterium, Peptococcus, Eubacterium
spp., Lactococcus and Treponema. Periimplant
crevicular fluid analysis detected species of
Acinetobacter, Micrococcus and Moraxella (Freire
M.O, 2011, Belibasakis G.N, 2021).

Models of induction of periodontitis and
periimplantitis

Techniques for inducing periodontitis or
periimplantitis in rats involve inoculating specific
pathogenic bacteria by oral gavage, intraoral
injection or by placing ligatures around teeth or
implants. The difficulty of reproducing the
diseases occurs when the bacteria are applied in a
growth phase incompatible with the formation of
biofilm, especially when the indigenous flora also
intervenes.

The "ligature-induced" defective pattern is
commonly used to initiate periodontitis and
periimplantitis in rats. Thus, a silk thread
impregnated or not with pathogens is placed
around the implant or tooth. Placement of a
ligature leads to the accumulation of dental plaque
and microulceration of the sulcular epithelium
which, in turn, facilitates the invasion of
periodontal pathogens into the connective tissue.
Loss of periodontal attachment and resorption of
alveolar bone occurs predictably over a 7-day
period in rats (Nowotny A., 1983, Bezerra M.M.,
2000, Bezerra M.M, 2002, Lohinai Z., 1998, Xie
R., 2011). The role of bacteria in this model is
supported by the findings that osteoclastogenesis
and alveolar bone resorption are improved by the
application of gram-negative bacteria (Lohinai Z.,
1998). However, ligament-induced traumatic
injury is limited only to study the pathological
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mechanisms of human peri-implantitis (Klausen
B., 1991).

The lipopolysaccharide (LPS) application
model was used to examine innate immune hosts
using either LPS injection into the gingival tissue
or LPS into the gingival scroll. The
lipopolysaccharide component (LPS) of the cell
wall of gram-negative bacteria is a significant
inflammatory stimulus that triggers an innate
immune response. The commonly used injection
site is the palatal appearance of the first upper
molars, but some studies have also performed
injections on the interdental papilla between the
first and second lower molars (Dumitrescu A.L.,
2004, Nishida E., 2001). In rodents this pattern
causes severe inflammatory responses of the peri-
implant tissue and significant bone loss. Despite
the sensitivity and accuracy in inflammatory
induction, the use of LPS in the induction of
periodontitis or periimplantitis is not similar to
human disease due to the lack of bacterial
colonization.

The rodent model that uses pre-infected
implants, which investigates the host's responses
against titanium implants on the surface of which
bacteria form biofilm (Freire et al., 2011).

Infection model with Aggregatibacter
actinomycetmcomitans (AA)

Rodents, although preferred as a model for
inducing periodontal disease or periimplantitis,
have the disadvantage that bacteria used to induce
the disease process only temporarily infect the oral
cavity, as rodents are not natural hosts for many
human bacteria. A well-documented exception to
this general principle is infection of the rat with AA
which naturally colonizes the oral cavity. It has
been hypothesized that AA may form a biofilm on
titanium implants, which in turn can be used as a
colonizing substrate for other bacterial species. Aa
is common to periodontitis and periimplantitis,
easily forms a biofilm on implants, and in rats,
they lead to clinical reproduction of the disease,
from tissue destruction to osteolysis.

The wid type of AA adheres to rat mouth
epithelial cells, is frequently found in rice rats,
while Sprague Dawley rat is difficult to detect,
although it can also colonize it (Fine D.H., 2005).

The AA model was also used to examine
periodontal bone resorption and the host's systemic
response to infection. Li et al (Li Y., 2010)
examined the role of T, B and CD4 + cells in
adaptive  immunity  resulting in increased
lymphocyte counts in regional lymph nodes as well
as high levels of IL-2, IL-1, TNF, CD40 ligand,
FasL, RANKL and osteoprotegerin.

Oral gavage model
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The introduction of human bacterial strains
by oral gavage and the subsequent impact on the
periodontium has been studied in different rodent
models (48). Various bacterial strains associated
with periodontitis in humans have been used in this
model, including Porphyromonas gingivalis, AA,
Tannerella forsythia, and Treponema denticola
(Garlet G.P., 2006, Sharma A., 2005, Lee S.F.,
2009, Kesavalu L., 2007, Okada Y., 2010). Rats
are usually given a known number of bacteria in a
viscous suspension (2% carboxymethylcellulose)
administered orally. Although the infection is
transient, 45% of rats exposed to Porphyromonas
gingivalis and 80% exposed to Treponema
denticola or Treponema forsythia were found to
harbor these bacteria after 4-6 weeks. Significant
bone loss can be measured histologically, by
macroscopic analysis or by computed tomography.
Alveolar bone resorption is usually assessed
around the maxillary molars, because the induction
of bone loss in the lower molars is slower due to
the thicker cortical alveolar bone and wider bucolic
dimensions (Polak J., 2005).

Oral infection by topical administration of
bacteria was also performed in rats. Many of these
studies examined the Sprague Dawley strain (Lazar
V., 2017).

One aspect that has been discussed in the
oral infection model is the use of a single bacterial
species versus the use of two or more
microorganisms  associated with  periodontal
disease. The complexity of bacterial stimulation is
supported by the findings that the persistence of
Porphyromonas gingivalis in the oral cavity of rats
at 4 weeks after the initial challenge is significantly
increased from 45 to 80-100% when this bacterium
is co-infected with Treponema forsythia and
Treponema denticola. Alveolar bone loss is
significantly higher in animals caused by a
polymicrobial oral infection than by monoinfection
(Lazar V., 2017) but careful analysis of recent
studies shows that periodontitis is induced by
Porphyromonas  gingivalis,  compared to
periimplantitis in which the polymicrobial biofilm
is preferred.

If in terms of rat as a model of
periimplantitis and periodontitis there are
numerous studies, in the literature for sheep, the
results are very poor, despite their similarity to
humans, in terms of bone. Very few studies have
used sheep as a model of periodontitis using the
ligation technique mainly (Alexandru el al.,
2019). Bacteria with implication in the study of
periodontitis experimental sheep are represented
by species of Prevotela (Prevotella buccae,
Prevotella intermedia, Prevotella loescheii,
Prevotella melaninogenica) and Porphyromonas
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(Porphyromonas asaccharolytica, Porphyromonas
endodontalis, Porphyromonas gingivalis,
Porphyromonas gula) (Borsanelli et al, 2017). The
oral microbiota of ovine periodontitis is compatible
with that found in human periodontitis. A study
conducted by Silva et al., 2019, showed that the
most common microorganisms in sheep with
severe periodontitis were Tannerella forsythia,
Treponema denticola , Fusobacterium
nucleatum and Porphyromonasgingivalis while AA
, Enterococcus gum were detected in none of the
samples analyzed.

As in the case of the rat, the induction of
periodontal disease is most easily achieved with
the help of the Porphyromonas gingivalis strain
that  caused epithelial infiltration,  collagen
decomposition and bone resorption similar to the
degenerative  processes specific to human
periodontitis. In  addition, significantly higher
levels of 1gG antibodies against Porphyromonas
gingivalis antigens have been observed in sheep
with periodontitis, levels similar to those in
humans (Genco, 1998).

In current research, based on keywords, no
studies of experimental periimplantitis in sheep
have been found, with bacterial implication which
means that this animal model is still unexplored in
this field.

CONCLUSIONS

Porphyromonas gingivalis is one of the most
important periodontal pathogens, which has the
ability to adhere to and invade the epithelial tissue
of the oral cavity in both rats and
sheep. Aggregatibacter  actinomycetemcomitans
can easily colonize the rat's oral cavity and
titanium implants. Fusobacterium nucleatum is an
important periodontal agent, especially in forms of
rapid and progressive periodontal
disease. Prevotella intermedia is pigmented in
black, while Bacteroides forsythus is a non-
pigmented gram-negative bacterium. These
bacteria produce pro-inflammatory
lipopolysaccharides and extracellular proteases that
could destroy IgA
immunoglobulins. Microseptopreptococcus  spp
has been positively associated with dental implant
failure. Spirochetes (Treponema vincentii and
Treponema denticola) have been observed to a
greater extent in patients with periodontal disease
than in healthy individuals and are capable of
producing pro-inflammatory lipopolysaccharides
and unusual metabolic products such as indole,
hydrogen sulphide and ammonia, which are
potentially toxic to host cells.

Therefore, used alone or in combination
these bacteria can reproduce both periodontitis and
periimplantitis in rats. This model reflected the
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main characteristics of the two human diseases and
may be a useful tool for future research into the
relevant pathological pathways of peri-implant
diseases, as well as for new therapeutic
approaches.

Due to the similarity with humans in terms
of bone structure, size, common oral microbiota
and susceptibility to periodontitis, sheep can be an
animal model for the study of periimplantation.

ACKNOWLEGMENTS
This review is part of the bibliographic study of the
doctoral thesis entitled: Evaluation of osseointegration of
dental implants using anti-rejection medication in a rat
model (PhD student Ancuta Diana - Larisa) and part of
the of EuroNanoMed Il Joint Translational Call —
ANNAFIB research project.

REFERENCES

Alexandru B.C., Popa M., Liviu O., Georgiu C. Tabaran F., Macri
A., Purdoiu R., Istrate D., Dogaru G., Lazar C., Bosca B.,
Pestean C., Constantin A.M., Sovrea A., 2019 — Induction
of chronic marginal periodontitis in an experimental sheep
model: clinical, radiological and histological evaluation.
Rom Biotechnol Lett, 25(3): 1511 — 1525.

An Y., Friedman R., 1999 - Animal selection in orthopaedic
research. In: An Y, Friedman R, eds. Animal Models in
Orthopaedic Research. Boca Raton, FL: CRC Press LLC;
1999:39-50.

Belibasakis G.N., Mir-Mari J., Sahrmann P., Sanz-Martin 1.,
Schmidlin P.R., Jung R.E, 2016 - Clinical association of
Spirochaetes and Synergistetes with peri-implantitis. Clin
Implants Oral Res. 27 (6): 656-61.

Belibasakis G.N., Manoil D., 2021 - Microbial Community-Driven
Etiopathogenesis of Peri-Implantitis. J Dent Res. 100 (1): 21-
28.

Bezerra M.M., Brito G.A,, Ribeiro R.A., Rocha F.A., 2002 - Low-
dose doxycycline prevents inflammatory bone resorption in
rats. Braz J Med Biol Res.; 35 : 613-616.

Bezerra M.M., deLima V., Alencar V.B., Vieira I.B., Brito G.A.,
Ribeiro R.A., Rocha F.A., 2000 - Selective cyclooxygenase-
2 inhibition prevents alveolar bone loss in experimental
periodontitis in rats. J Parodontol.71 : 1009-1014.

Borsanelli A.C., Gaetti-Jardim E. Jr., Schweitzer C.M., Viora L.,
Busin V., Riggio M.P., Dutra I.S., 2017 - Black -pigmented
anaerobic bacteria associated with ovine periodontitis. Vet
Microbiol.203:271-274.

Branemark P.l., Zarb G.A., Albrektsson T., 1986 - Tissue-
Integrated  Prostheses.  Osseointegration in  Clinical
Dentistry. Plastic and Reconstructive Surgery.Volume 77 -
Issue 3 - p 496-497.

Chapple IL.C., Brock G., Eftimiadi C., Matthews J.B., 2002 -
Glutathione in gingival crevicular fluid and its relation to
local antioxidant capacity in periodontal health and disease.
Journal of Clinical Pathology: Molecular Pathology. 55 (6):
367-373.

Dabdoub S.M, Tsigarida A.A, Kumar P.S., 2013 - Patient-specific
analysis of periodontal and peri-implant microbiomes. J
Dent Res.; 92 : 168S — 175S.

Dommisch H., Kuzmanova D., Jonsson D., Grant M., Chapple 1.,
2018 - Effect of micronutrient malnutrition on periodontal
disease and periodontal therapy. Periodontology 2000,
Volume 78, Issue 1, pages 129-153.

Dumitrescu A.L., Abd-El-Aleem S., Morales-Aza B., Donaldson
L.F., 2004 - A model of periodontitis in the rat: effect of
lipopolysaccharide on bone resorption, osteoclast activity,
and local peptidergic innervation. J Clin Periodontol.; 31 :
596-603.

Duncan W.J., Persson G.R., Sims T.J., 2003 - Ovine periodontitis
as a potential model for periodontal studies. Cross-sectional

15

analysis of clinical, microbiological, and serum
immunological parameters. J Clin Periodontol. 30:63-72.

Ericsson 1., Nilner K. Klinge B. Glantz P.O., 1996 -
Radiographical and histological characteristics  of
submerged and nonsubmerged titanium implants. An

experimental study in the Labrador dog. Clin Implants Oral
Res.; 7 : 20-26.

Fine D.H., Velliyagounder K., Furgang D., Kaplan J.B, 2005 - The

Actinobacillus  actinomycetemcomitans  autotransporter

adhesin Aae exhibits specificity for buccal epithelial cells

from humans and old world primates. 73 : 1947-1953.

M.O., Sedghizadeh P.P. , Schaudinn C. , Gorur A. ,

Downey J.S., Choi J.H. , Chen W., Kook J.K., Chen C. ,

Goodman S.D., Zadeh H.H., 2011 - Development of an

animal model for Aggregatibacter actinomycetemcomitans

biofilm-mediated oral osteolytic infection: a preliminary

study. J Parodontol. 82 (5): 778-89.

G.P., Cardoso C.R., Silva T.A, Ferreira B.R., Avila-

Campos M.J., Cunha F.Q., Silva J.S., 2006 - Cytokine

pattern determines the progression of experimental

periodontal  disease induced by  Actinobacillus
actinomycetemcomitans through the modulation of MMPs,

RANKL, and their physiological inhibitors. Microbiol oral

Immunol.; 21 : 12-20.

Genco C.A.,, Van Dyke T., Amar S., 1998 - Animal models for
Porphyromonas gingivalis-mediated periodontal disease.
TRENDS IN MICROBIOLOGY 444 VOL. 6 NO. 11.

Griffon D.J., Dunlop D.G., Howie C.R., 2001 - An ovine model to
evaluate the biologic properties of impacted morselized bone
graft substitutes. J Biomed Mater Res. 56:444-451.

Gotfredsen K., Berglundh T., Lindhe J., 2002 - Bone reactions at
implants subjected to experimental peri-implantitis and static
load. A study in the dog. J Clin Periodontol.. 29 : 144-151.

Gupta O.M.P., Shaw J.H., 1956 - Periodontal disease in the rice
rat. |. Anatomic and histopathologic findings. Oral Surg Oral
Med Oral Pathol.. 9(6):592-603.

Haas R., Baron M., Zechner W, 2003 - Porous hydroxyapatite for
grafting the maxillary sinus in sheep: Comparative pull-out
study of dental implants. Int J Oral Max Imp. 18:691-696.

Helieh S. Oz , David A. Puleo, 2011 - Animal models for periodontal
disease. J Biomed Biotechnol.. 2011:754857.

Kesavalu L., Sathishkumar S., Bakthavatchalu V., Matthews C.,
Dawson D., Steffen M., Ebersole J.L., 2007 - Rat model of
polymicrobial infection, immunity, and alveolar bone
resorption in periodontal disease. Infect Immun.; 75 : 1704—
1712.

Klausen B. Evans R.T., Ramamurthy N.S., Golub L.M., Sfintescu
C., Lee J.Y., Bedi G., Zambon J.J., Genco R.J., 1991 -
Periodontal bone level and gingival proteinase activity in
gnotobiotic rats immunized with Bacteroides gingivalis. Oral
Microbiol Immunol. 6(4):193-201.

Koutouzis T. , Eastman C., Chukkapalli S., Larjava H., Kesavalu
L., 2017 - A Novel Rat Model of Polymicrobial Peri-
Implantitis: A Preliminary Study. J Parodontol. 88 (2): e32-
edl.

Kolenbrander P.E., Palmer R.J. Jr, Periasamy S., Jakubovics
N.S., 2010 - Oral multispecies biofilm development and the
key role of cell-cell distance. Nat Rev Microbiol.. 8 (7): 471-
80.

Kumar P.S., Mason M.R., Brooker M.R., O'Brien K., 2012 -
Pyrosequencing reveals unique microbial signatures
associated with healthy and failing dental implants. J Clin
Periodontol.; 39 (5): 425-433.

Lang N.P., Berglundh T., 2011 - Periimplant diseases: where are
we now? — Consensus of the Seventh European Workshop on
Periodontology. J Clin Periodontol.; 38 Suppl 11 : 178-181.

Lazar V., Ditu L.M., Curutiu C., Gheorghe I., Holban A., Popa
M., Chifiriuc C., 2017 - Impact of Dental Plaque Biofilms
in Periodontal Disease: Management and Future Therapy
Periodontitis - A Useful Reference, Pachiappan Arjunan,
IntechOpen, DOI: 10.5772/intechopen.69959.

Lindhe J., Berglundh T., Ericsson 1., Liljenberg B., Marinello C.,
1992 - Experimental breakdown of peri-implant and

Freire

Garlet



Scientific Papers Journal — vol. 64 n01/2021, VETERINARY SERIES

periodontal tissues. A study in the beagle dog. Clin. Orale
implants Res.; 3 : 9-16.

Lindhe J., Meyle J., 2008 - DoEWoP Group Peri-implant maladies:
Consensus Report of the Sixth Workshop European on
Periodontology. J. Clin. Parodontol. 35 : 282-285.

Lindhe J., Meyle J. 2008 - Peri-implant diseases: Consensus Report
of the Sixth European Workshop on Periodontology. J Clin
Periodontol. 35 : 282-285.

Listgarten M.A., 1975 - Similarity of epithelial relationships in the
gingiva of rat and man. J Periodontol; 46 (11): 677-80.

Li Y., Messina C., Bendaoud M., Fine D.H., Schreiner H., Tsiagbe
V.K., 2010 - Adaptive immune response in osteoclastic bone
resorption induced by orally administered Aggregatibacter
actinomycetemcomitans in a rat model of periodontal
disease. Mol Microbiol oral.; 25 : 275-292.

Leonhardt A., Renvert S., Dahlen G., 1999 - Microbial findings at
failing implants. Clin Implants Oral Res.; 10 : 339-345.

Lee D.W., 2014 - Periodontitis and dental implant loss. Evid Based
Dent. 15 (2): 59-60.

Lee S.F., Andrian E., Rowland E., Marquez I.C., 2009 - Immune
response and alveolar bone resorption in a mouse model of
Treponema denticola infection. Infect Immun. 77(2):694-8.

Lohinai Z., Benedek P., Feher E., Gyorfi A., Rosivall L., Fazekas
A., Salzman A.L., Szabo C., 1998 - Protective effects of
mercaptoethylguanidine, a selective inhibitor of inducible
nitric oxide synthase, in ligature-induced periodontitis in the
rat. Br J Pharmacol.123 : 353-360.

Marinello C.P, Berglundh T., Ericsson I., Klinge B., Glantz P.O.,
Lindhe J.,, 1995 - Resolution of ligature-induced peri-
implantitis lesions in the dog. J Clin Periodontol.; 22 : 475—
479.

Mombelli A., Marxer M., Gaberthuel T., Grunder U., Lang N.P.,
1995 - The microbiota of osseointegrated implants in patients
with a history of periodontal disease. J Clin Periodontol.; 22 :
124-130.

Nickenig H.J., Wichmann M., Andreas S.K., Eitner S, 2008 - Oral
health-related quality of life in partially edentulous patients:
assessments before and after implant therapy.. 36 (8): 477-
480.

Nishida E., Hara Y., Kaneko T., Ikeda Y., Ukai T., Kato I., 2001 -
Bone resorption and local interleukin-lalpha and
interleukin-1beta synthesis induced by Actinobacillus
actinomycetemcomitans and Porphyromonas gingivalis
lipopolysaccharide. J Parodontal Res.; 36 : 1-8.

Nowotny A., Sanavi F., 1983 - Induction of nonspecific tolerance to
endotoxins reduces the alveolar bone resorption in ligature-
treated rats. Infect Immun.. 39(2):873-8.

Okada Y., Hamada N., Kim Y., Takahashi Y., Sasaguri K., Ozono
S., Sato S., 2010 - Blockade of sympathetic b-receptors
inhibits Porphyromonas gingivalis-induced alveolar bone
loss in an experimental rat periodontitis model. Arch Oral
Biol.; 55 : 502-508.

Passia N., Abou-Ayash S., Reissmann D.R, Elfriede Fritzer E.,
Kappel S., Konstantinidis 1., Kénigsmarck V.V, Mundt
T., Stiesch M., Wolfart S., Ali S., Kern M., 2017 - Single
mandibular implant study (SMIS) - masticatory performance
- results from a randomized clinical trial using two different
loading protocols. J Dent.65 : 64—69.

Pitrascu L., Gilbinasu B.M., 2021 - Considerations regarding the
osseointegration of endosseous dental implants. Ro J
Stomatol.;67(1)

Persson L.G, Lekholm U., Leonhardt A., Dahlen G., Lindhe J.,

1996 - Bacterial colonization on internal surfaces of
Branemark system implant components. Clin Implants Oral
Res. 7 : 90-95.

Pellegrini G., Seol Y.J., Gruber R., Giannobile W.V., 2009 - Pre-
clinical Models for Oral and Periodontal Reconstructive
Therapies. J Dent Res 88(12): 1065-1076.

Pihlstrom B.L., Michalowicz B.S., Johnson N.W., 2005 -
Periodontal disease. Lancet. 366 (9499): 1809-1820.

Piattelli A., Scarano A., Piattelli M., 1998 - Histologic Observations
on 230 Retrieved Dental Implants: 8 Years' Experience
(1989-1996) . J Periodontol.; 69 : 178-184.

Page R., Schroeder H., 1982 - Periodontitis in Man and Other
Animals. A comparative review. Basel: Karger. DOI:
10.1159/ishn.978-3-318-05027-1.

Polak J., Hench L., 2005 - Gene therapy progress and prospects: in
tissue engineering. Gene Ther.; 12 : 1725-1733.

Quirynen M., De Soete M., van Steenberghe D., 2002 - Infectious
risks for oral implants: a review of the literature. Clin
Implants Oral Res.; 13 (1): 1-19.

Rosan B., Lamont R.J., 2000 - Dental plaque formation. Microbes
Infect. 2(13):1599-607.

Salmon R., Duncan W., 1997 - Determination of the critical size for
non-healing defects in the mandibular bone of sheep. Part 1:
A pilot study. J N Z Soc Periodontol.81:6-15.

Samejima Y., Ebisu S., Okada H., 1990 - Effect of infection with
Eikenella corrodens on the progression of ligature-induced
periodontitis in rats. J Parodontal Res.; 25 : 308-315.

Sharma A., Inagaki S., Honma K., Sfintescu C., Baker P.J., Evans
R.T., 2005 - Tannerella forsythia-induced alveolar bone loss
in mice involves leucine-rich-repeat BspA protein. J Dent
Res.; 84 : 462-467.

Schenkein H.A., 2006 - Host responses in maintaining periodontal
health and determining periodontal disease. Periodontol
2000. 40:77-93.

Shaw J.H., 1969 - Influence of alternating feedings of diets with high
and low potentials to cause periodontal syndrome in rice
rats. Journal of Dental Research .; 48 (3): p. 486.

Shaw J.H., Griffiths D., 1961 - Development and post-developmental
influences on incidence of experimental dental caries
resulting from dietary supplementation by various elements.
Arch Oral Biol.5:301-22.

Silva N., Borsanelli A.C., Gaetti-Jardim E., Schweitzer C.M.,
Silveira J.A., Bomjardim H.A., lveraldo S. Dutra S.1.,
Barbosa J.D., 2019 - Subgingival bacterial microbiota
associated with ovine periodontitis. Pesq. Vet. Bras. 39 (07)
): 454-459.

Sun J., Eberhard J., Glage S., Held N., Voigt H., Schwabe K.,
Winkel A., Stiesch M., . 2020 - Development of a peri-
implantitis model in the rat. Clin Implants Oral Res. 31 (3):

203-214.
Vlaminck L., Gorski T., Huys L., Saunders J., Schacht E.,
Gasthuys F., 2008 - Immediate postextraction implant

placement in sheep's mandibles: a pilot study. Implant Dent.,
17(4):439-50.

Wancket L.M., 2015 - Animal Models for Evaluation of Bone
Implants and Devices: Comparative Bone Structure and
Common Model Uses. Vet Pathol. 52 (5): 842-50.

Xie R., Kuijpers-Jagtman A.M., Maltha J.C., 2011 - Inflammatory
responses in two commonly used rat models for experimental
tooth movement: comparison with ligature-induced
periodontitis. Arch Oral Biol.; 56 : 159-167.

Yamasaki A., Nikai H., Niitani K., ljuhin N., 1979 - Ultrastructure
of the junctional epithelium of germfree rat gingiva. J
Periodontol, 50(12):641-8.

Yue G., Edani H., Sullivan A., Jiang S., Kazerani H., Saghiri M.
A., 2020 - Is maxillary diastema an appropriate site
forimplantation in rats? International Journal of Implant
Dentistry 6:8.

Zandim-Barcelos D.L, Garcia de Carvalho G., Sapata V.M,
Cunha Villar C., Hammerle C., Romito G.A. 2019 -
Implant-based factor as possible risk for peri-implantitis.
Braz Oral Res.. 30;33(suppl 1):e067.



